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GMy,
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NOTATION

Amplitude of incoming wave

Waterplane area |

Added wmass coefficients

Damping coefficients

Hydrostatic coefficients

Exciting force

Gravitational acceleration

Imaginary unit

Moments of inertia (roll, pitch and yaw)
Longitudinal metacentric height

Transverse metacentric height

Wave number of incoming wave -

Mass matrix

Mass of the platform

Moment of waterplane area

Components of unit vector directed into the fluid
Longitudinal location of center of flotatiom
Longitudinal location of center of gravity
Vertical locétion of center of gravity
Water density

Displacement of platform

Angle of incoming wave in the xy-plane positive clockwise
(present computer program notation)

Angle of incoming wave in the xy-plane positive counterclockwise
(ITTC notation)

Frequency of wave encounter

Wave frequency
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R
"éw
I; ) Total velocity potential
HE
s é1 Potential of incoming wave
v ¢p Disturbance velocity potential due to the presence of the
an platform
o9
§ : ¥ Velocity potential due to motion of the platform with unit
T amplitude in each of six degrees of freedom
e . EJ Amplitude of motion in each of six degrees of freedom
4 ;;\ (surge, sway, heave, roll, pitch, and yaw)
Ty : )
‘;.‘ V7 Diffraction potential
:“759
\.,
-* , In Figures 5 through 16, the following notation is used:
i\ :
) T Wave period
X TA Free-surface wave elevation
-3‘ .
:C':’, Xa Surge amplitude of motion
‘ Ya Sway amplitude of motion
4 Zy Heave amplitude of motion
-__3 A Roll amplitude of motion
"
o 6a Pitch anplitu_de of motion

¥a Yaw amplitude of motion

€ Phase angle of motion (e=0: maximum positive wotion occurs

when wave crest is amidship.)
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\£> ABSTRACT

The motions of a semi-submersible platform are computed for three
different headings relative to the waves. This was done as part
of a study established to compare various methods of semi-
submersible platform motion prediction organized by the ITTC
Ocean Engineering Committee. A strip method is applied in the
nunerical analysis. The results of this analysis are presented
alone, that is, no comparisions are made with other theoretical
methods or experimental data. This can be done when the ITTC
Committee publishes the results of all participants of this
study. The results of heave motion show a resonance when the
wave period is about 3.35 seconds. _ ’

ADIMINSTRATIVE INFORMATION

This study was performed under the Department Overhead Function.
The Work Unit number is 1500-001.

INTRODUCTION

The 17th ITTC Ocean Engineering Committee, which met in the Autumn 1982 at
Tokyo, decided to sponsor a comparative study on the motions of a semi-
submersible. The primary purpose of this study is to compare existing com—
putational methods and to validate their results. An opportunity was thus
provided to further validate the computer program currently used by the Special
Ships and Ocean Systems Dynamics Branch at the David Taylor Naval Ship Research
and Development center.

The platform configuration to be used for the study was selected by
the ITTC Committee, and its description is given later in this report.

The existing computer program was developed for semi-submersible platforms,
with strip theory being applied as described in Reference 1.*

EQUATIONS OF MOTION

The coordinate system, oxyz, 1s fixed at the midship section of the semi-
submersible platform (see Figure 1). The oz-axis is directed vertically
upward, and the oxy-plane is in the plane of the undisturbed free surface.

The total velocity potential of the fluid in the presence of the platform
is expressed as

#(x,y,z,t) = Re[(¢1 + ¢p)e—i0t] (1)

*References are listed on page 6.
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1 T
giﬁ where ¢1 is the potential of the incoming wave and is given as
Y 1gA
¢1 = -——exp[Kz + 1Kxcosf - iKysingB] (2)
We .

Y yes

and ¢g 1s the disturbance velocity potential due to the presence of the
platform. In Equation (2), A is the amplitude of the incoming wave, w, is its
frequency, g the gravitational acceleration, 8 the angle of the incoming

wave relative to the ox-axis (8 = 0 deg is following seas and B = 180 deg is
head seas), and K = mozlg is the wave number. The disturbance potential
consists of the following velocity potentials .

Qﬁﬁﬂf ¢

%E-’ ¢B = V7 + LEj¥y (3)
where y3 (§ = 1, 2, ..., 6) 18 the velocity potential arising from unit

;&; amplituie of platform in each of the six degrees of freedom, and
& £ (3 =1, 2, ..., 6) 1s the amplitude of motion in each of the six degrees of
1?%5 fre- iom. The diffraction potentisl is represented by V7.
e The potential wj is determined as the solution of the Laplace equation

) with appropriate boundary conditions. To avoid the difficulty in solving a
B three-dimensional numerical problem, a strip theory or two-dimensional
: ; method is applied to obtain by The fundamental assumptions of strip thecry
a are discussed in Reference 2.
39, Using strip theory, ¥y is solved for j = 2,.3, 4, and 7 (sway, heave,
bl roll motion and diffraction potential) at each section, and potentials for

pitch and yaw are computed by simply multiplying the longitudinal distance of
each section from the origin by the heave and sway potentials respectively.
The surge potential, y}, is assumed to be zero.

In applying potential theory, it is assumed that the fluid is incompres-
sible and inviscid, and that the flow is irrotational. The potential,
(3] =2, 3, 4, and 7) is determined as the solution of the following equation
with the conditions specified.

1. Laplace equation in the fluid domain
32¢3 32¢j

+
ay2 3z2

= 0, for § =2, 3, 4,7 (4)

2. the body boundary condition

\ Yy
i —— = -iwny, for § =2, 3, 4 (5)
— an
T': 301
‘;5» - —— for j = 7
‘ ; an
|Q

SYRART I RVL ) ™y 7 3% 5 ' v O
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g
b 3. the linearized free-surface condition
2 s
3 Kyy - =0, onz=0 for §=2, 3, 4, 7 (6)
9z
. .
:’x The right hand side of Equation (5) is the normal velocity component at the
450 body and the unit vector is directed into the fluid domain. All potential
o) functions, wi, must satisfy the radiation condition for outgoing progressive
'h: waves at infinity, and become zero as z becomes negative infinity.
. The solution of Equation (4) with the boundary conditions, Equations (5)

R and (8), is given in Reference 3. The hydrodynamic forces and moments are
obtained by integrating the pressure on the wetted surface of the body. The
: ‘ details of the derivation of these forces and moments for heave and pitch
EA motions are given in Reference 4. The forces and moments for other motions can

y be easily derived using a procedure similar to that described in Reference 4.
e If we let a4 = Esje~i0t and equate the inertia force with the hydrodynamic
) force, the equation of motion can be expressed as
1.
1[ .o .
B Z[(njk + Ajk)"j + Byk®j *+ Cyka§] = fj (7

' where myg is the mass matrix, A4k the added mass, Bjk the damping force, Cjk
108 the hydrostatic coefficients and fj the exciting force. The equations for Ajy,
:‘ Bjk, and fj are given in Reference 4. The mass matrix, myy, 1is expressed as
[
,‘; myg =M, for j=k=1,2, 3
. LTV ¥
ﬁl‘ ms5 = Is
bt mg6 = Ig | (8)
"! - - =
e my4 = m42 = ~Mzg
Iy
1A m)5 = m5) = Mzg
b
,3‘. all other myx =~ 0

. where M is the mass of the platform; I;, Is, and Ig roll, pitch and yaw moments
.;9 of inertia, and z; 1s the vertical location of the center of the gravity with
159 respect to free surface. The hydrostatic coefficent, Cyk, 18 given as
1SN
-3
:“ C33 = P8Awp
; ) C35 = C53 = ~pg(Myp ~ XgAup)
N Cyq = AGMp (9)
??‘ Cs5 = AGMp, + P8Aywp(xg - x.)2
- all other Cy = O
Wy
‘~
)
o
h 3
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where is the waterplane area, its moment, the longitudinal center
of gravity, x. the longitudinal center of flotation, GMy the transverse
metacentric height, GMp the longitudinal wmetacentric height, and A the
displacement of the platform.

NUMERICAL METHOD AND RESULTS

The model description is given in Figures 2, 3, and 4, and its principal
dimensions are given in Table 1. In the numerical analysis, only 8 vertical
columns and lower hulls are included in the computation. The transverse,
longitudinal and diagonal columns are small compared to the vertical columns,
and therefore, are excluded from the computation.

The platform is divided into 29 sections in the longitudinal direction.

At each section, the hydrodynamic forces (added mass, damping force and exciting
force) are computed, and later these sectional forces are integrated along the
length. There are 17 sections with lower hulls only and 12 sections with lower
hulls and columns. The sections with lower hull only are treated as completely
submerged sections and those with hull and column are treated as floating
gsections. The locations and types of sections are given in Table 2.

The computations have been carried out for three different headings: B = 0
(following), B = 315 (x = 45), and B8 = 270 (x = 90). The heading angle of the
incoming wave in the oxy-plane is taken positive counterclockwise by the
ITTC Committee, while this angle is taken positive clockwise in the existing
computer program. Therefore, the relationship between x and B is8: y + B = 360.
A step increment of wave period of 0.2 seconds was used for periods between
0.5 and 10 seconds. Wherever there is resonance in the motion, smaller time
time increments were used. Furthermore, it has been assumed that the water
depth 18 infinite even though it was given as 3 m by the ITTC Committee.

This assumption is necessary because the present computer program is applicable
only for the deep water. The computer program can be easily extended to treat
the case of finite water depth.

The results are plotted in Figures 5 through 16. Since the experimental
or numerical results produced by the other participants are not available at
the present time, only the results computed by the author are shown in the figures.
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Table 1 : Principal Dimensions

A

~
Fon Length of lower hull, L ' 1.797 m
Beam (total) 1.172 m
4 Beam (one hull) 0.234 m
Hull spacing between centerlines 0.938 m
Draft ' 0.313 m
é Center of gravity LCG at the midship
; TCG at the center line
ét KG 0.281 m
LY Metacentric height GML 0.037 m
GMT 0.046 m
= Radius of gyration Roll 0.536 m
e Pitch 0.556 m
fst Yaw 0.634 m
Displacement in fresh water 230.3 N
% Water depth infinite
). Wave direction 8 360, 315, 270
¥ X 0, 45, 90
Ca
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~
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h ‘-_' Table 2 : Locations of Sections
i d
-'.;3 x (meter) Section Type NO. of Input Points
% - 1 (aP)| -0.8975 0 0
2 2 -0.8400 Lower Hull 19
‘ 3 -0.7815 " 19
4 -0.6665 " 19
5 -0.6145 Lower Hull + Column 27
6 -0.5625 " 25
g 7 -0.5105 " 27
e, 8 -0.4585 Lower Rull 19
™ 9 -0.3650 " 19
R 10 -0.2715 " 19
s 11 -0.2285 Lower Bull + Column | 27
.‘4'1 12 -0.1875 " 27
o 13 -0.1465 y 27
% 14 -0.1035 Lower Hull _ 19
) 15 0.0 " 19
b 16 0.1035 " 19
e 17 0.1465 Lower Hull + Column 27
e 18 - 0.1875 " 27
. 19 0.2285 " 27
20 0.2715 Lower Hull 19
21 0.3650 " ' 19
22 0.4585 " 19
23 0.5105 Lower Hull + Column 27
24 0.5625 " 25
25 0.6145 " 27
26 0.6665 Lower Hull 19
27 0.7815 " 19
28 0.8400 : " 19
29 (FP) 0.8985 0 . 0

. L b < .
PL . 3 S I. RO Ay



",.

S WS -

L
- G Gv Gl Gar TER G o aln GED Al aEb Gue G SN
5.
K>
.'
4 ]
':‘ ————-—-—-—-——-—-/
‘".‘ﬁ,
.
)
¥
WY £ S - X
.-'
h.

wov®

i Figure 1 - Coordinate System

:‘.a, -‘t‘. I-'t. . ,.q" |"0‘£. lu‘.-’l.v (] a\n g ... l‘| .e\,

W TN Y'.\



wI0J3IBTd JO MITA uUeld - T 2an8rd

WeLT

wee°o uc/et0 b YA LAY WIEE O

\
N
/
>
D-
Y

<
AN SIS T WO D Gt

S

@ ZLT'T
W 9%0L°0
N
"WeTp W[ (%0°0
|
werp @l /yC°0
|

—~
%
=

- <RRLD. - i. -

- pea Sﬂ.oﬂ.\ waroyy/
11°0

rolat LR FE ey

e
% whe

B R ORGSR




4 WIOJIBTJ JO M3TA pasoqaels - 2andyy

5 w6l T ]
¥ WEE 0 WCZE O WIE0 WSLET0 WEE 0

da [0 0] av

‘pea wieQ o

Y

WA LI

x
.

. = . ! !
: 5 g ez wicoo

o s \T- . Pl Y - Vd o - sk -

N AR AN P PJ L

o . . .n|.v

]
74 ALY

* .

- M ’

. ' _

rw — \ N

3

_ }oap zoddn | ]
A

;

b

e Ay &> X e e

s 'ty Sty P et R PSRRI Y O A e A T iy : >,
SHEELRKD  TRPNHEN IREER bR R T gl oa..c.w....,u'u._mu.

G LB of YA atat -~ L -

XA
o NP s Ya Ve AW




APETH

wi0J3eTd 3O MITA paemioj ~ % 3an3rd

le- -
wZ/1°T
% 500 7
] ! Yo = ‘fpez wyc0°0
o TEQ' 0 ]
8 - |
2 . —>
‘werp w/%0°0
o e L rlTnl
[+,] [ )3 H
-J N
y K
‘welp s L1
Tm 0




wHLn:

il

i

MOTTON

[

SURC

OF

I

AMPLITUD

.

-
Cy

A

AR

Q%

rres ol

o
»

«

»

FRTIATLYS P

J‘.( v..\ .\\..\ AP O, 3, (AL AN s ,d
b. * .\.n;- - \.v.-..-.-'.cq -u-- u -._- n. .-.:- (P gt -c ;—- -n A-- A.-.-* ﬂo\f )

.I.u.... @ L




7y

TSl
LA

X

<

XX
:’l‘.;')*}‘

2%)

s

“l.l.‘-l. 3
.

X0

,
[4

KNP -

Pl
.'-l

i

A
SO
wmmmmmm,
AR S

H!lml m:hfﬂ!l
i

-

-
o0
-t
<

£~ LA

L

l‘*
«Lalils

i
i
HMWMMMMWWWMWWWWWWWMWW%




\. = e
q.
-V
. =E 0
, i
] X =
.. [ Hx
1- A uvA
n- w ”
) @]
=
A B
A >
<
. |
. =
... fry =
4 &)
. I~
-. m
b, = =
- =
. H 2
» m z
A E
.__ |
. s ©
™~
A EEtEn :
. = w =
¢ e =
: O i
1 et —
’ = = 3=
Fl =
%
\ e Setpoed m
L4 =
£
’ S een
.ll
’
£
A : ]
oAz R POR LTI, A S S
A . . y LY I N5 N YN . O
WA o e, . DN SN, 0 1% X2 \..... ..s




-e]

W
SN

.:" “‘h.

h
()

by

l
w

SNSE

»
LA

o

AN

<\

»
LY

SNy

-
L‘

ot

s

Ay

¢

.
LN

;o

-
L N

X

.
LY

s

.
Al

e

e




N AT, S TG ST R YA T T L T A R A Ty SN W VT R R PR RS FA P XA S A T T B oo ey vy Ll a0 Caig by

LA
;%

‘;. =
-

PR k.;’d«i.

el e e
s L R

?
G T ST S )

2 AR I 5. R
P NS K

e
BB R

X

At S X

¢

- AN
by o ~r
vl

)ikt i i HH |
i il i H H H

‘i'll"%l.“ :t"“‘ }Ht l:lzi[ 1}: s :. {E* i '!'X i !

i BH|EHY) H

AMPLITUDE OF HEAVE MOTION AT )(-90

b AL l [

'.'_‘___4: o
¥

o

et

&£

AR

# o

2

.”s




FIGURE 8 - AMPLITUDE OF ROLL MOTION
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X DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INVEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC

MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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